Abstract -To study the function and expression of genes identified in the honeybee genome sequence, techniques for assaying gene expression need to be developed. We present a robust method for preparing honeybee embryos and ovaries for in-situ hybridisation. This protocol should prove useful for researchers wishing to use the genome sequence to study honeybee biology.
INTRODUCTION
The release of the honeybee (Apis mellifera L.) genome sequence makes the honeybee an attractive and important system for the study of gene expression during development. In order to perform these analyses, however, techniques for assaying gene expression in the honeybee need to be developed. In-situ hybridisation of whole mount tissues is the standard method for determining both temporal and spatial gene expression patterns in insects (Tautz and Lehmann, 1994; Xu et al., 1994; Schulz et al., 1998; . While in-situ hybridisation protocols exist for specific adult honeybee tissues (for example see Kurshan et al., 2003) , none have been published for embryos or ovaries.
The membranes of honeybee eggs pose a particular challenge to in-situ hybridisation and immunohistochemistry of whole mount embryos. The embryo is surrounded, from oviposition, by two membranes, the chorion and vitelline membrane. Both of these membranes have to be removed for efficient staining to occur. From about 50 hours after egg laying (Fleig and Sander, 1986) embryos are firm enough so they may be dissected from the membranes with ease. With earlier embryos, however, this is impossible. We have adapted methods for fixing and removing membranes from Drosophila (Patel, 1994) , Zebrafish (Westerfield, 2000) and Spider mites and have produced a technique for removing the membranes from all embryonic stages of honeybees, as well as preparing ovary tissues.
The typical in-situ hybridisation method uses digoxigenin (DIG) labelled RNA probes directed to the transcript of interest (Tautz and Pfeifle, 1989; Tautz and Lehmann, 1994 ). The DIG hapten is then detected using an anti-DIG antibody conjugated with alkaline phosphatase. This method is fast and sensitive, when compared to radioactive methods (Akam, 1983; Akam and Carlson, 1985) , and more robust than current fluorescence based techniques (Hughes et al., 1996; Hughes and Krause, 1998) . We have adapted this method for use with whole-mount honeybee embryos. This technique is also amenable to double label in-situ 114 P. Osborne, P.K. Dearden hybridisation using fluorescein or biotin labelled probes (Hauptmann and Gerster, 1996) .
MATERIALS AND METHODS

RNA probe preparation
Digoxigenin (DIG) labelled RNA probes were produced by run off transcription. Plasmid vectors containing clones of interest were linearised with the appropriate restriction endonuclease for 1-3 h, cleaned with a phenol/chloroform extraction and precipitated with sodium acetate and ethanol. The linearised DNA template was resuspended in 11 µL of Diethyl-pyrocarbonate (DEPC) treated water and allowed to dissolve. Two µL of 10x transcription buffer, 2 µL of DIG RNA labelling mix (Roche Applied Science), 1 µL of 0.1 M Dithiothreitol (DTT), 2 µL of RNase Inhibitor (Roche Applied Science), and 2 µL of the appropriate RNA polymerase (Roche Applied Science) were added and the reaction incubated at 37°C for 2 hours-overnight. DNA template was degraded by adding 1 µL of RNase free DNase (Roche Applied Science) for 15 min, and the RNA precipitated with 1 µL of 10 M ammonium acetate and 20 µL of isopropanol. After centrifugation, the pellet was washed in 70% ethanol, dried at room temperature, and resuspended in 50-100 µL of Hybridisation buffer (50% formamide, 4X Standard Saline Citrate (SSC), 1X Denhardt's solution, 250 µg/mL yeast total RNA, 250 µg/mL boiled salmon sperm or calf thymus DNA, 50 µg/mL heparin (Sigma), 0.1% Tween 20, 5% dextran sulfate), depending on the size of the pellet. RNA probes were stored at -20 o C.
Just before use, 2-5 µL of probe was placed in a microcentrifuge tube with an equal volume of carbonate buffer (120 mM Na 2 CO 3 , 80 mM NaHCO 3 , pH 10.2) and incubated at 60°C for 30 min. Six volumes of hybridisation buffer were then added to halt the reaction.
Embryo collection and processing
Embryos were recovered from honeybee brood combs using a damp paintbrush and immediately placed in a fixative solution containing a 1:1 mix of heptane: 4% formaldehyde in phosphate buffered saline (PBS) in a microcentrifuge tube. Following collection, embryos were shaken overnight on a shaking platform set at a moderate speed. The lower fixative phase was removed with a glass Pasteur pipette and 0.5 ml of methanol, equilibrated to -20°C, was added to the embryos and the mixture shaken vigorously for a few minutes. The heptane/ methanol mixture was removed and the fixed embryos washed 3 times in fresh methanol. Embryos can be stored at this point at -20°C in methanol.
Embryos were equilibrated to room temperature, and then as much of the methanol as possible removed and replaced with PTw (PBS + 0.1% Tween 20). Embryos were allowed to settle and transferred into a thin walled glass test tube with at least 2 mL of PTw. The embryos were then sonicated in a sonic cleaning bath (Soniclean, Transtek systems) for 10-60 s (see results) to break the chorion. After sonication, the embryos were allowed to settle, transferred back into a microcentrifuge tube, and the PTw replaced with 50-100 µL of 200 µg/mL Pronase (Roche Applied Science) in PTw. The vitelline membrane was digested with the Pronase for 8-10 min and the embryos rinsed twice in PTw.
After transferring the embryos to a small plastic tissue culture dish containing PTw, the remains of the chorion and vitelline membrane were peeled from the embryo using fine forceps (Dumont 55 Biologie).
Peeled embryos were collected in PTw. If necessary, embryos can be dehydrated in methanol and stored at -20°C at this point. Embryos were digested for 5-10 min in PTw + 20 µg/mL Proteinase K (Sigma), rinsed in PTw and postfixed in PTw + 4% formaldehyde for at least 15 min. Embryos were then rinsed six times in PTw and transferred to 1 mL of Hybridisation buffer and prehybridised at 52°C for a minimum of 2 h.
Ovary dissection and processing
Queen bees were etherised and their abdomens removed. The abdomens were cut open with scissors from the dorsal surface and the paired ovaries removed into ice cold PBS. The dissected ovaries were rinsed in ice cold PBS and transferred into a 1:1 mixture of Fixation buffer (4% Formaldehyde, 20 mM KH 2 PO 4 / K 2 HPO 4 pH 6.8, 90 mM KCl, 30 mM NaCl, 4 mM MgCl 2 ) (White, 1998) and heptane (heptane appears to improve penetration through the membrane surrounding each ovariole). Ovaries were fixed overnight with shaking in this mixture, and then washed three times in PBS. Ovaries can be dehydrated through a methanol series and stored in methanol at -20°C.
Individual ovariole strands were dissected from the ovary mass in PBS using fine forceps. Isolated ovarioles were transferred to a microcentrifuge tube containing PTw. Ovarioles were digested with 20 µg/mL Proteinase K for 15 min and then rinsed in PTw. Ovarioles were postfixed for 15 min in PTw + 4% formaldehyde. After rinsing six times in PTw, ovarioles were transferred to 1 mL of hybridisation buffer and prehybridised at 52°C for at least 2 h.
In-situ hybridisation
The prehybridisation solution was removed from the embryos or ovarioles and replaced with digested probe in hybridisation buffer. Tissue was then incubated overnight at 52°C. The tissue was washed in Wash buffer (50% formamide, 2X SSC, 0.1% Tween 20) 10 times in 2 h, and finally overnight at 52°C.
Tissue was then rinsed three times in PTw and blocked for 30 min in PBTw (PTw + 0.1% bovine serum albumin (Gibco-BRL)). The DIG hapten is detected with a 1:500 dilution of anti-DIG-alkaline phosphatase antibodies (Roche Applied Science) in PBTw for 90 min at room temperature. The tissue was then washed in PTw 6 times over 2 h at room temperature and then equilibrated with two five minute washes in AP buffer (100 mM Tris pH 9.5, 100 mM NaCl, 50 mM MgCl 2 , 0.1% Tween 20). The alkaline phosphatase enzyme was detected with 4.5 µl Nitroblue tetrazolium chloride (75 mg/mL in Dimethylformamide (DMF), Roche Applied Science) and 3.5 µL 5-Bromo-4 chloro-3-indolyl-phosphate (50 mg/mL in DMF, Roche Applied Science). Tissue was deliberately over-stained and then destained in methanol. Tissue was stored in methanol at -20°C or rehydrated in PTw, cleared in 50% glycerol, and mounted in 70% glycerol. Tissue can also be stored in 70% glycerol at 4°C.
Imaging
Embryos and ovarioles were imaged with an Olympus BX51 microscope using bright field optics. Images were captured using a Magnafire (Optronics) digital camera and Magnafire software. Images were processed and scale bars added using Adobe Photoshop.
RESULTS AND DISCUSSION
In this paper we present a method for reliably preparing honeybee embryos and ovaries for in-situ hybridisation (Fig. 1) . This technique has proven a robust method for assaying gene expression using both cDNA and gDNA (intron containing) derived probes. For genomic DNA probes, at least 300 bases of coding sequence seem necessary for clean signal. This technique should be of utility to researchers wishing to quickly determine the expression of a putative exon from the genome sequence, and may be useful for high throughput screening of putative exons for embryonic expression using an automated in-situ hybridisation system (Plickert et al., 1997) .
DIG labelled probes are produced by runoff transcription and resuspended in hybridisation buffer at concentrations of about 100-500 ng/µL. Probes are digested for 30 min at 60°C in carbonate buffer to aid tissue penetration, and applied to the tissue at a concentration of approximately 4 ng/µL. We have not found the concentration or length of the probes (as long as it is over 300 base pairs) to be critical in producing good staining. We have not detected any loss of activity from probes over a year old.
The key to our method is the fixation; embryos must be fixed sufficiently, through the chorion and vitelline membrane, to survive the sonication and peeling steps. We have tried fixation times of 1 hour, 4 hours and overnight, and find the overnight (>12 h) fixation to be necessary for the embryos to be firm enough to peel. Embryos fixed for 1 or 4 h are too delicate to sonicate or peel. It is possible to remove the chorion with a brief wash (3 min or less) in 4% Sodium hypochlorite, and then fix the embryos, but this hardens the vitelline membrane such that it is difficult to remove. The long fixation time in this protocol, however, precludes easy antibody staining after in-situ hybridisation.
After fixation, the embryos are stored in methanol at -20°C. Fixed ovaries can also be stored in methanol for considerable periods. We have obtained excellent hybridisation signals from embryos and ovaries stored in methanol for 6 months.
After rehydration, the embryos were sonicated in a sonic cleaning bath. This makes holes in the chorion (and to a lesser extent, the vitelline membrane), which allows the subsequent Pronase step to weaken the vitelline membrane. We sonicate by swirling the embryos such that they are off the bottom of the tube, and then place the tube into the bath for a few seconds. This is repeated until the solution goes slightly cloudy, indicating the beginning of damage to the embryos themselves. Over-sonication results in complete destruction of the embryos. Sonicated embryos are then ready for digestion with Pronase, and finally dissection.
The dissection step is also critical to the procedure; each embryo must have both membranes removed for any staining to be visible. In many cases the damage to both membranes (Fleig, 1990) , derived from a genomic clone. Drosophila engrailed is expressed in the posterior of each segment and acts to define and maintain the parasegment boundary (Akam, 1987) . Similar to Drosophila engrailed, e30 is expressed in a stripe in the posterior of each segment from the gnathum posterior. Faint domains of expression are also present in the head. (B) Early stage embryo hybridised with a probe for a homologue of the Hox 3 gene, derived from a genomic clone. Hox 3 is expressed in the dorsal stripe, a pattern consistent with the function of zen in Drosophila (Rushlow et al., 1987) , and Hox 3 in Tribolium (Falciani et al., 1996) and Schistocerca , where it regulates the formation of the extraembryonic membranes. (C) Dissected late stage central nervous system hybridised with a probe against a homologue of the slit gene derived from a cDNA clone (Whitfield et al., 2002) . Slit is a conserved regulator of axon targeting, expressed in the midline glia in Drosophila (Battye et al., 1999) . (D) Part of an ovariole hybridised with a probe for a homologue of the vasa gene, a conserved regulator of germ cell fate (Raz, 2000; Chang et al., 2002; Dearden et al., 2003) , derived from a genomic clone. (E) Sense control for D.
is such that they are easily removed, in other cases careful peeling is necessary. A good dissecting microscope and sharp forceps greatly improves success.
After digestion with Proteinase K, the fixation step serves to stabilise the embryos. It is important for good signal development that the fixative is thoroughly washed away before prehybridisation.
The hybridisation and washing steps have been designed to allow very little disturbance of the embryos themselves. It is sufficient to remove 70-80% of the previous solution at each step, reducing the disturbance to delicate tissues throughout the protocol. After the hybridisation step, it is not necessary to remove the probe before adding the first wash buffer; thereby ensuring no embryos are lost.
The final staining step can be left to overstain. Staining times can range from several minutes to 3-4 h, depending on levels of expression and concentration of the probe. Using probes at the concentrations described usually ensures that staining overnight is not necessary. Dehydrating the tissue in methanol after staining removes the pink background, leaving only an intense blue colour. This destaining step allows us to stain the embryos until specific staining is a deep purple colour and unstained regions are pink. Methanol treatment will then leave specific staining blue and the unstained embryos clear. The de-staining step can be manipulated by monitoring the methanol wash with a dissecting microscope and rehydrating the embryos when an appropriate level of staining is achieved. We usually allow the reaction to go to completion (5-10 m), washing the tissue several times in fresh methanol.
This technique is a robust method for determining the expression of gDNA or cDNA fragments in both honeybee ovaries and embryos. The technique relies on a novel method for weakening both the chorion and vitelline membrane such that they can be dissected easily away. This technique should prove useful to researchers wishing to exploit the genome data for an understanding of gene regulation and honeybee embryology.
